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FOREWORD 
This r epor t  i s  t h e  t h i r d  qua r t e r ly  engineering r epor t  summarizing t h e  
work performed under NASA Contract NAS5-10309 e n t i t l e d  "Stabi l ized C02 Gas 
Laser," covering t h e  period 1 June 1967 t o  1 September 1967. 
prepared by t h e  Advanced Technology Laboratory of Sylvania Elec t ronic  
Systems - Western Divis ion,  Mountain V i e w ,  Cal i forn ia .  
performed i n  t h e  Quantum Elec t ronic  Devices Department, headed by M r .  Mahlon 
B. Fisher.  M r .  Richard S. Reynolds i s  t h e  p r inc ipa l  i nves t iga to r  on t h e  
program. 
This r epor t  w a s  
It descr ibes  work 
. 
A l l  t h e  work performed under t h i s  cont rac t  was  administered by t h e  
Optics Branch, NASA-Goddard Space F l igh t  Center,  Greenbelt ,  Maryland. 
M r .  N.  McAvoy is  t h e  p r inc ipa l  technica l  r ep resen ta t ive  f o r  t h e  Optics 
Branch. 
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ABSTRACT 
Testing and construction continued during this third quarter toward 
the development of a sealed-off, 20-watt, stabilized single-frequency CO, 
laser. Stability measurements on a 
have shown frequency stabilities as 
8 100 msec periods and 3 parts in 10 
L 
3-watt single-mode laser oscillator 
high as 2 parts in 10 (6 kHz) over 
(1 MHz) over 30-minute periods. The 
10 
design of a dc amplifier for use with the oscillator is presented which 
should provide about 10 dB of power gain. The design is also presented 
for the electrical console which will house the 20-watt laser power supplies 
and cooling system. 
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1.0 INTRODUCTION 
This t h i r d  in te r im engineering r epor t  descr ibes  work performed by 
Sylvania Elec t ronic  Systems - Western Divis ion i n  the  t h i r d  quar te r  of 
a program t o  develop a frequency-stabil ized, high-power, sealed-off 
CO 
operat ing a t  10.6 microns. 
gram a design w a s  conceived f o r  t h e  laser which u t i l i z e s  an  o s c i l l a t o r -  
ampl i f ie r  approach toward obtaining high s t a b i l i t y  (1:lO ) simultaneously 
with high power (20 wa t t s ) .  Two thermally s t a b i l i z e d  and mechanically 
laser s u i t a b l e  f o r  use i n  a coherent o p t i c a l  communications system 
During t h e  f i r s t  two qua r t e r s  of t h i s  pro- 
2 
10 
r ig id i zed  o s c i l l a t o r  u n i t s  w e r e  constructed along with the  associated 
thermal con t ro l  system. 
r f -exci ted laser tubes t o  determine t h e  major advantages of each type of 
exc i t a t ion  technique. It w a s  concluded during these  tests t h a t  t he  
dc-operated tubes can have g rea t e r  single-mode output power than t h e  r f -  
exci ted tubes and were se lec ted  f o r  t he  proposed appl ica t ion .  
T e s t s  were performed on both dc-excited and 
During t h i s  quar te r  both dc o s c i l l a t o r  tubes and dc amplif ier  tubes 
w e r e  constructed.  The laser o s c i l l a t o r  cons i s t s  of a laser tube with an 
a c t i v e  bore length of 60 c m  and a bore diameter of approx’hately 6 mm. 
The laser tube has  a large b a l l a s t  and u t i l i z e s  platinum cathodes. The 
laser tube w i l l  provide polar ized output by means of potassium chlor ide  
B r e w s t e r  windows. The laser ampl i f ie r  c o n s i s t s  of two 2-meter long 
p a r a l l e l  tubes,  each of which are double-passed t o  obta in  approximately 
8 meters of a c t i v e  amplifying length.  
provide approximately 10 dB power gain.  
approximately 3 w a t t s  of continuous power a t  10 microns; s t a b i l i z e d  i n  
frequency t o  approximately one p a r t  i n  10”. 
ampl i f ie r  chain w i l l  provide between 20 and 30 w a t t s .  
When optimized, t h i s  amplif ier  should 
The o s c i l l a t o r  tubes w i l l  provide 
The output of t h e  o s c i l l a t o r -  
During t h i s  quar te r  extensive tests were performed on t h e  thermal 
s t a b i l i t y  of t h e  laser cavities; and by heterodyne tests, t h e  short-term 
s t a b i l i t y  between two similar laser packages has been obtained. 
c h a r a c t e r i s t i c s  of t h e  c a v i t i e s  have been found t o  be adequate enough t o  
hold t h e  laser frequency constant  t o  within 2 MHz f o r  an i n d e f i n i t e  
The thermal 
1 
period of t i m e .  
ment. 
t h e  acous t i ca l  environment near t h e  laser. 
s t a b i l i t y  f o r  t i m e  per iods of about 100 msec have ind ica ted  frequency 
d r i f t s  between one p a r t  i n  lo9 and two p a r t s  i n  10 
These tests were performed i n  t h e  laboratory-type environ- 
The short-term s t a b i l i t y  has been found t o  be g r e a t l y  dependent upon 
Measurements of t h e  short-term 
10 . 
A self-contained r e f r i g e r a t i o n  system w a s  designed t h i s  quar te r .  This 
system w i l l  provide closed-cycle cooling f o r  t h e  laser, o s c i l l a t o r ,  and 
ampl i f ie r  tubes.  
which has  a l s o  been designed t h i s  qua r t e r .  
conta in  t h e  ampl i f ie r  power suppl ies ,  t h e  o s c i l l a t o r  power suppl ies ,  t h e  
hea ter  con t ro l  network f o r  t h e  o s c i l l a t o r  cavi ty ,  t h e  laser output power 
m e t e r ,  and frequency a d j u s t  e l ec t ron ic s  f o r  t h e  laser. 
descr ibe  these  components i n  g rea t e r  d e t a i l  and a l s o  descr ibe  t h e  experi-  
mental program f o r  t h i s  pas t  qua r t e r .  
The u n i t  w i l l  be enclosed i n  a power supply console 
The power supply console w i l l  
The following sec t ions  
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2.0 TECHNICAL DISCUSSION 
2 . 1  Twenty-Watt Laser System 
A s  shown i n  Figure 1, t h e  twenty-watt C 0 2  laser c o n s i s t s  of t h r e e  
separa te  packages:. 1 )  t h e  laser head, 2) t h e  laser power supply console,  
and 3) a regula t ing  transformer f o r  t he  power supply. 
opera te  from a 115-volt l i n e  and w i l l  r equ i r e  about 25 amps of l i n e  cur ren t  
when t h e  laser i s  operat ing a t  m a x i m u m  capaci ty .  
w i l l  provide approximately one percent l i n e  and load regula t ion  f o r  t h e  o v e r a l l  
power supply. 
what g rea t e r  regula t ion  than t h e  one percent f i g u r e  and are indiv idua l ly  
regulated.  
The laser system w i l l  
The regula t ing  transformer 
A few indiv idua l  components i n  t h e  power supply r equ i r e  some- 
2 .1 .1  Laser Head 
Figure 2 contains  t h e  e l e c t r i c a l  schematic f o r  t he  20-watt laser lead ,  
and Figure 3 shows the  assembly drawing. 
changed somewhat over t h a t  presented i n  the  second qua r t e r ly  repor t .  
amplif ier  has been changed from a one-tube t o  a two-tube system, thereby 
doubling t h e  e f f e c t i v e  length of t h e  u n i t ,  and both t h e  ampl i f ie r  and 
o s c i l l a t o r  have been converted from r f -exc i ta t ion  t o  dc-exci ta t ion.  
The d e t a i l s  of t h e  assembly have 
The 
The new laser o s c i l l a t o r  tube u t i l i z e s  a platinum cold cathode fabr ica-  
ted i n  a re-entrant  configurat ion t o  reduce t h e  e f f e c t s  of spu t t e r ing  (see 
Section 2.3.3). 
operat ing l i f e  of t h e  laser. 
tube design; however, based on previous experience, l i f e t i m e s  i n  excess of 
500 hours are expected. The bore diameter of t h e  laser tube has been reduced 
from 8 mm t o  6 mm t o  ensure s i n g l e  mode operat ion and increase  t h e  e f f ec t ive -  
ness  of t he  l i q u i d  cooling which surrounds t h e  bore. This configurat ion 
has provided more than 3 w a t t s  s i n g l e  mode, u t i l i z i n g  an 8% transmission 
mul t i layer  d i e l e c t r i c  output mirror .  
A large b a l l a s t  tank is  a l s o  included t o  increase  t h e  
No l i f e  tests have ye t  been made on t h e  new 
Power outputs  of 3 w a t t s  o r  g rea t e r  
w i l l  be  s u f f i c i e n t  from t h e  o s c i l l a t o r .  
(300 kR) is  a l s o  being used i n  order t o  decrease the  laser warm-up t i m e  and 
A liquid-cooled b a l l a s t  r e s i s t o r  
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increase  the  e lectr ical  s t a b i l i t y  of t h e  laser. 
two similar laser o s c i l l a t o r s  have been performed and are described i n  
Sect ion 2.3.1. 
S t a b i l i t y  tests between 
The ampl i f ie r  system cons i s t s  of two p a r a l l e l  tubes connected t o  a 
common cathode and b a l l a s t  tank. 
ampl i f ie r .  
each tube can be operated separately.  
can be cont ro l led  a t  t h e  power supply t o  provide v i r t u a l l y  any l e v e l  of 
amplif icat ion up t o  t h e  maximum value.  
o s c i l l a t o r  beam by means of t he  o p t i c a l  system located i n  f r o n t  of t h e  
amplif ier  tubes and the  t o t a l l y  r e f l e c t i n g  mirror  which i s  mounted in s ide  
each ampl i f ie r  tube a t  the  flanged end. The r a d i i  of curvature  of t he  
i n t e r n a l  mir rors  are chosen t o  provide t h e  proper spot s i z e  a t  the  
output of each tube. 
B r e w s t e r  angle windows, s l i g h t l y  off-axis so  t h a t  no in te r fe rence  between 
input  and output beams w i l l  occur. 
Figure 4 i s  an assembly drawing of t he  
Each ampl i f ie r  tube is  dr iven by i t s  own power supply s o  t h a t  
The exc i t a t ion  l e v e l  of each tube 
Each tube i s  double-passed by t h e  
The o s c i l l a t o r  beam i s  introduced through the  
The bore s i z e  of t h e  amplif ier  w a s  chosen t o  be 19 mm i n  order t o  * 
optimize the  ga in  
t o  prevent beam vignet t ing .  
183 cm, making a t o t a l  length of t h e  amplifying medium of 732 cm. 
ampl i f ie rs  exh ib i t  t h e  approximately sealed-off maximum gain 
s i z e  of .40/meter and the  t o t a l  l o s s  per pass  due t o  imperfections i n  the  
B r e w s t e r  windows and lo s ses  i n  the  mir rors  can be kept t o  f i v e  percent ,  
then the  maximum power ga in  of t he  two-tube ampl i f ie rs  w i l l  be 11.1 dB 
or  a f a c t o r  of 13. It i s  expected, however, t h a t  t h e  lo s ses  i n  the  
windows and mirrors  w i l l  slowly increase  with t i m e  reducing the ove ra l l  
gain of t h e  u n i t .  I f  t he  ove ra l l  gain of t h e  dc amplif ier  tube f a l l s  t o  
a very low 20 percent  per m e t e r  wi th  t i m e ,  t h e  ove ra l l  power output can 
be maintained above 20 w a t t s  with a 3-watt o s c i l l a t o r .  
while s t i l l  maintaining a r e l a t i v e l y  l a r g e  bore diameter 
The a c t i v e  length of each amplif ier  tube is 
I f  t he  * 
f o r  t h i s  bore 
* 
P. K. Cheo and H. G. Cooper, "Gain Charac t e r i s t i c s  of CO Laser 2 
Amplifiers a t  10.6 Microns," IEEE J. Quant. Electr .  QE-3, 79 
(February 1967). 
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Even with t h i s  l a r g e  s a f e t y  f a c t o r  i n  gain,  we have included a common 
platinum cathode i n  t h e  ampl i f ie r  system t o  extend the  l i f e  of t h e  tube. 
The design of t h i s  cathode i s  the  same as f o r  t he  o s c i l l a t o r  tube.  Also 
a 3-liter b a l l a s t  tank has  been included t o  reduce t h e  e f f e c t s  of gas 
clean-up due t o  e l ec t rode  spu t t e r ing  and t o  provide mechanical r i g i d i t y  
t o  t h e  smaller diameter ampl i f ie r  tubes.  
Construction of t h e  ampl i f ie r  tube has j u s t  been completed, but no 
test, r e s u l t s  have ye t  been obtained. 
during t h e  previous quar te r  has shown ga in  f igu res  c lose  t o  t h a t  obtained 
by other  researchers  (28% per meter), and it i s  expected t h a t  t h e  dc ga in  
f igu res  ava i l ab le  w i l l  a l s o  accura te ly  apply. The laser head is  designed t o  
be mounted on the  s i d e  of a te lescope i n  such a manner t h a t  t h e  major weight 
of t h e  laser w i l l  be located a t  t h e  mounting pad of t h e  te lescope.  
l ightweight  ampl i f ie r  tubes w i l l  extend t o  t h e  end of t h e  te lescope housing 
and w i l l  r equ i r e  a support pad under t h e  mir ror  ad jus t  region.  
po in t s  have been provided f o r  t h i s  on t h e  bottom of t h e  ampl i f ie r  support 
s t r u c t u r e .  
The r f  d r iven  ampl i f ie r  t e s t ed  
The 
Mounting 
2.1.2 Laser Power Supply 
The 20-watt laser power supply shown schematically i n  Figure 5 cons i s t s  
of a console which measures 69 inches high, 27 inches deep, and 23 inches 
wide. 
and each amplif ier  tube,  t he  thermal con t ro l  network, p i ezoe lec t r i c  t rans-  
ducer power supply, laser and ampl i f ie r  hea t  exchanger, and a laser power 
readout monitor. 
The console w i l l  house t h e  dc power suppl ies  f o r  t h e  o s c i l l a t o r  tube 
The laser power readout head w i l l  be located i n  t h e  laser head and 
The w i l l  continuously measure t h e  r a d i a t i o n  out of t h e  las t  ampl i f ie r .  
readout head cons i s t s  of a s e n s i t i v e  thermocouple capable of providing 
enough vol tage  t o  d r i v e  a standard 100 mV dc meter. 
be located on the  f r o n t  of t h e  con t ro l  console. 
The readout m e t e r  w i l l  
9 
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The dc power supply f o r  t h e  laser o s c i l l a t o r  is  a Sorenson Model 1020-30 
which is capable of providing 20 kv a t  30 ma.  
o s c i l l a t o r  design,  t h e  laser tube w i l l  only r equ i r e  about 15 kv a t  about 10 m a ,  
s o  t h e  power supply w i l l  only be operat ing a t  about 1 /3  of i t s  capabi l i ty .  
The amplif ier  tubes w i l l  use  the  Sorenson Model 1030-20 suppl ies  which are 
capable of providing 30 kv a t  20 ma.  
w i l l  opera te  a t  a supply vol tage  of 25 kv and a cur ren t  of 15-20 ma.  
Actual ly ,  with t h e  latest 
It is  expected t h a t  each ampl i f ie r  tube 
Each of t h e  high vol tage  power suppl ies  are f i l t e r e d  t o  provide a 
- +.01% r i p p l e  a t  60 cps. 
provided by t h e  regula t ing  transformer which e l e c t r i c a l l y  precedes t h e  
console. 
can be monitored, i f  des i red .  
included as w e l l  as coolant flow and temperature in t e r locks .  
The l i n e  and load regula t ion  f o r  t hese  u n i t s  are 
The power suppl ies  are f u l l y  metered so  t h a t  t h e  cur ren t  and vol tage  
Over vol tage  and cur ren t  i n t e r locks  are 
Fuses are 
e a s i l y  access ib l e  on t h e  f r o n t  panel.  
I The heat  exchanger and l i q u i d  cooling system w i l l  r equ i r e  about 1 /3  of 
t he  volume of t h e  console. Figure 6 is  a flow diagram of the  cooling system 
which includes an air-to-freon compressor-condensor system and a freon-to- 
e thylene g lycol  hea t  exchanger. The ethylene g lycol  (Prestone) a n t i f r e e z e  
system has been used t o  ensure that t h e  w a t e r  cooling system used on t h e  
laser s i d e  w i l l  not  f r eeze  i f  t h e  cooling system is  inadver ten t ly  l e f t  on. 
The compressor system has been chosen t o  allow operat ion of t h e  laser a t  
lower than ambient temperatures, so  t h a t  higher gains  i n  t h e  ampl i f ie rs  and 
g rea t e r  output from t h e  o s c i l l a t o r  can be achieved i f  necessary.  
system u t i l i z e s  an automatic temperature con t ro l  u n i t  which allows operat ion 
a t  any poin t  from -25OC t o  room temperature under no-load condi t ions.  
However, with t h e  f u l l  load of t h e  laser head, i t  i s  not  expected t h a t  
temperatures below about O°C w i l l  be possible .  
The compressor 
The freon system u t i l i z e s  a continuously operat ing compressor. 
t u r e  con t ro l  of t h e  ethylene g lycol  i s  cont ro l led  by the  use of a bypass 
solenoid valve which d i v e r t s  t he  f reon  l i qu id  t o  an a u x i l i a r y  evaporator 
f o r  a f r a c t i o n a l  period of t i m e .  The proport ion of time t h a t  t h e  l i q u i d  
Tempera- 
11 
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is  d iver ted  is cont ro l led  by t h e  ad jus tab le  temperature con t ro l  u n i t .  
continuously operat ing f e a t u r e  of t h e  compressor systems reduces cur ren t  
The 
surges on t h e  l i n e  which could be r e f l e c t e d  i n  t h e  laser output through 
t h e  de power suppl ies .  
The a n t i f r e e z e  s i d e  of t h e  system u t i l i z e s  a cen t r i fuga l  pump capable 
of de l ive r ing  about 4 gpm f o r  t h e  s i z e  and length of l i n e s  t o  be used. 
maximum s t a b i l i t y  and con t ro l  only a por t ion  of t he  flow w i l l  be used t o  
cool  t h e  laser. Appropriate valving and in t e r locks  are included i n  t h i s  
s i d e  of t h e  cooling system. 
For 
Based on t h e  r e s u l t s  of experiments performed t h i s  quar te r  (Section 2.3.1) 
an accumulator has  been included near t h e  output end of t he  pumping system. 
Vibrat ions introduced by t h e  pump and by turbulen t  high ve loc i ty  flow can 
be coupled i n t o  t h e  laser and appear as short-term frequency f luc tua t ions  
on t h e  laser output.  
decreasing t h e  ve loc i ty  of l i q u i d ,  s u b s t a n t i a l l y  reduces the  v ib ra t ions  
from t h e  pump. 
be f l e x i b l e  and w i l l  tend t o  dampen much of t h e  r e s i d u a l  v ib ra t ions .  
The accumulator, which serves as a pulse  dampener by 
Also the  l i n e s  from t h e  console i n t e r f a c e  t o  the  laser w i l l  
Af te r  t h e  laser is  i n s t a l l e d  i n  pos i t ion  on t h e  te lescope,  t h e  cooling 
l i n e s  w i l l  be f i l l e d  with t h e  a n t i f r e e z e  so lu t ion  through va lves  ava i l ab le  
a t  the  high poin t  i n  t h e  system. The percentage of e thylene g lycol  i n  
water w i l l  be 40% or g rea t e r  by volume which w i l l  r e s u l t  i n  a freezing 
temperature below t h a t  capable of t h e  f reon  system. 
2.2 Three-Watt Laser System 
The three-watt laser system i s  i d e n t i c a l  t o  t h e  twenty-watt laser except 
t h a t  t h e  three-watt laser contains  no ampl i f ie r ,  no self-contained hea t  
exchanger and no bu i l t - i n  power meter. Figure 7 shows schematically t h e  
e n t i r e  three-watt system. I n  order t o  maintain maximum f l e x i b i l i t y ,  t h e  
components i n  each laser system are completely interchangable.  
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To insu re  t h a t  t h e  u n i t  i s  not operated without w a t e r  cool ing,  a flow 
in t e r lock  w i l l  be included within t h e  o s c i l l a t o r  package. The in t e r lock  
w i l l  prevent t he  dc supply from being turned on unless  w a t e r  i s  flowing. 
The laser head measures 48 inches long by 12 inches square. 
cav i ty  w i l l  be i n s t a l l e d  i n  t h e  center  of t h e  12-inch wide support channel 
(see Figure 3) and w i l l  be surrounded with acous t i ca l  padding. The laser 
temperature w i l l  be cont ro l led  with an i d e n t i c a l  temperature con t ro l  u n i t  
as i n s t a l l e d  i n  the  20-watt laser. 
The o s c i l l a t o r  
The power supply console f o r  t h e  3-watt laser i s  a bench s i z e  u n i t  and 
measures 30 inches high by 19 inches deep by 23 1 / 2  inches wide and w i l l  
weigh approximately 150 lb s .  
2.3 Experimental Tests 
2.3.1 Heterodyne S t a b i l i t y  T e s t s  
During t h e  last quar te r  experimental d a t a  w e r e  taken on t h e  long- and 
Both o s c i l l a t o r  short-term frequency d r i f t  between two laser o s c i l l a t o r s .  
c a v i t i e s  were i d e n t i c a l ;  however, one laser tube w a s  dc-excited while t he  
second laser tube w a s  r f -exci ted.  Both tubes had Brewster-angle windows 
with e x t e r n a l m i r r o r s .  The dc tube had a bore diameter of 8 mm, while t h e  
r f  tube had a bore diameter of 19 nun. 
tube w a s  s u b s t a n t i a l l y  d i f f e r e n t .  The r f  tube emitted approximately 
6 w a t t s  multimode, while t h e  dc tube emitted approximately 3 w a t t s .  
tubes required an add i t iona l  ape r tu re  within t h e  laser cavi ty  t o  obta in  
single-mode operat ion.  
mirror  configurat ion f o r  both lasers consis ted of a f l a t  output mir ror ,  multi-  
l ayer -d ie lec t r ic  coated and a 3-meter rad ius  of curvature  gold-coated mirror  
on t h e  non-output end. 
The multimode output power from each 
Both 
I n  both cases  a 6 nun ape r tu re  w a s  required.  The 
Both lasers u t i l i z e d  l i q u i d  cooling f o r  t h e  tube bore.  The dc tube 
u t i l i z e d  tap-water cooling, while t h e  r f  tube u t i l i z e d  a low d i e l e c t r i c -  
constant f l u i d  so  t h a t  t h e  r f  could be introduced through t h e  w a l l s  of t h e  
laser through t h e  cooling medium. The f l u i d  which w a s  used w a s  Dow Corning 200 
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s i l i c o n  f l u i d  with a v i s c o s i t y  of 1.5 cent i s tokes .  
to -s i l icon  f l u i d  hea t  exchanger w a s  u t i l i z e d  i n  t h e  cooling system f o r  t h e  
r f  tube. 
2 and 3 w a t t s ,  depending on t h e  gas  f i l l ,  while t h e  r f  tube emitted 
approximately only 1 w a t t .  The beams from each laser w e r e  combined 
by means of a beamspli t ter  made from an I r t ran-2  s u b s t r a t e  with a mult i -  
l aye r  d i e l e c t r i c  coating on one s i d e ,  and a n t i r e f l e c t i o n  coated on t h e  back 
s ide .  
meter Jarrell  Ash g ra t ing  monochromator. So t h a t  the  output of t h e  lasers 
could be adjusted t o  opera te  on i d e n t i c a l  wavelengths, t h e  second beam w a s  
passed through a l ens  onto a gold-doped germanium de tec tor .  
length operat ion w a s  obtained simply by length-adjusting t h e  o p t i c a l  cav i ty  
of each laser o s c i l l a t o r .  
vo l tage  on a p i ezoe lec t r i c  transducer onto which a mirror  had been at tached.  
A s m a l l  pump and a wate:- 
The single-mode output power from t h e  de tube ranged between 
One of t h e  two beams from t h e  beamspli t ter  w a s  d i r ec t ed  t o  a 1 1 /2  
Single  wave- 
Length adjustment w a s  obtained by varying the  
During t h e  second quar te r  of t h e  program similar tests as described above 
w e r e  performed, and it w a s  r ap id ly  determined t h a t  t h e  thermal c h a r a c t e r i s t i c s  
of t h e  lasers w e r e  q u i t e  poor due t o  the  inco r rec t  bonding procedure 
between the  invar  rods and the  aluminum s t r u c t u r a l  cav i ty .  During t h i s  
quar te r  t h e  c a v i t i e s  w e r e  repaired and rebonded, u t i l i z i n g  t h e  RTV s i l i c o n  
materials as discussed i n  the  second in te r im engineering r epor t .  
cussed i n  Section 2.3.2, t h i s  new bonding technique has  proved q u i t e  
s a t i s f a c t o r y .  
A s  d i s -  
The heterodyne beat  no te  generated i n  t h e  goid-doped germanium de tec to r  
w a s  observed on a spectrum analyzer (Hewlett Packard Model N o .  855lA), 
which is  capable of displaying s i g n a l s  above 10 MHz. I n  most cases  an 
upconverter was  u t i l i z e d  (Hewlett Packard Model No.  K15-8551B) which allowed 
observation of t h e  beat  no te  below t h e  10 MHz l i m i t  t o  t h e  bas i c  spectrum 
analyzer.  
t h e  laser frequency d r i f t e d  on t h e  spectrum analyzer screen or  by t h e  
width of t h e  bea t  no te  when g rea t e r  s t a b i l i t i e s  w e r e  obtained. Early 
s t a b i l i t y  tests r e su l t ed  i n  s t a b i l i t i e s  of only approximately 1 or  2 MHz per 
second on both long and shor t  term. 
rates on t h e  order of one t o  10 cps,  and w a s  apparent ly  caused by a i r  
The s t a b i l i t y  l e v e l s  w e r e  obtained by not ic ing  t h e  rate a t  which 
The major i n s t a b i l i t i e s  occurred a t  
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turbulence between t h e  Brewster-angle windows and t h e  mir rors .  A t  t h e  t i m e  
of these  tests t h e  window area w a s  open t o  the  rest of t he  cavi ty ,  although 
covers w e r e  placed over t h e  top of t h e  laser tubes,  sh i e ld ing  them d i r e c t l y  
from the  a i r  conditioning and other  air  turbulence i n  t h e  laboratory.  
However, a f t e r  t h e  Brewster-angle a i r  pa th  w a s  covered by near hermetic seals, 
s u b s t a n t i a l  increases  i n  s t a b i l i t y  w e r e  obtained i n  t h e  1 t o  10 cps region.  
New hermetical ly  sealed enclosures have been designed f o r  inc lus ion  with 
t h e  f i n a l  lasers. 
w i l l  be f i l l e d  with helium, and w i l l  be fabr ica ted  from m e t a l  p a r t s  so  t h a t  
good thermal equi l ibr ium can be obtained wi th in  t h i s  a i r  path.  
f u r t h e r  s t a b i l i t y  measurements, i t  is  f e l t  t h a t  i n s t a b i l i t i e s  caused by 
turbulence i n  t h i s  a i r  pa th  w i l l  be less than t h a t  caused by o ther  e f f e c t s .  
These hermetical ly  sealed B r e w s t e r  window containers  
Based on 
Figure 8 shows t y p i c a l  spectrum analyzer t r a c e s  of t h e  beat  no te  between 
two lasers. 
I n  both cases  t h e  acous t i ca l  environment w a s  i d e n t i c a l .  
shows t h e  output s t a b i l i t y  t o  be approximately 10 kHz per laser, assuming 
t h a t  each laser cont r ibu tes  equal amounts t o  t h e  i n s t a b i l i t y .  The bottom 
t r a c e ,  however, shows t h e  s t a b i l i t i e s  t o  be on t h e  order of 40 kHz per  laser. 
These two photographs show t h e  approximate range of s t a b i l i t y  numbers which 
w e r e  obtained i n  a normal laboratory environment. Greater i n s t a b i l i t i e s  
could be obtained by pounding on the  t a b l e  o r  c rea t ing  high-level no ises  i n  
the  laboratory.  
pumps and fans  from equipment and normal voice.  
and i n  a l l  t h e  photographs t h a t  follow, exposure times of t he  camera w e r e  
made long enough t o  allow a t  least two t r a c e s  of t he  spectrum analyzer.  
The exposure t i m e s  w e r e  1/15 of a second. 
The beat  no te  frequency displayed occurs a t  about 1/2 MHz. 
The upper trace 
The normal laboratory environment included t h e  running of 
I n  both of t hese  photographs 
Figure 9 shows t h e  same beat  no te  with g rea t e r  d i spers ion .  The upper 
trace shows t h e  g r e a t e s t  i n s t a b i l i t i e s  t h a t  we normally have seen, while 
t h e  lower trace shows approximately t h e  b e s t  s t a b i l i t i e s  t h a t  we  have seen 
t o  date .  
wide. 
then t h e  approximate s t a b i l i t y  of t he  laser i s  6 kHz o r  about two p a r t s  i n  
The width of t h e  beat no te  i n  Figure 9b is  approximately 1 2  kHz 
I f  each laser i s  indeed cont r ibu t ing  t h e  same amount of i n s t a b i l i t y ,  
l o l o .  
1 7  
A .  
B. 
Vertical Scale: Linear 
Horizontal Scale: 100 kJ3z per Major Division 
Figure 8. Spectrum Analyzer Display of Heterodyne 
Beat Frequency from Two CO Lasers. 
2 
18 
Vertical Scale: Linear 
Horizontal Scale: 30 kHz per Major Division 
Figure 9. Spectrum Analyzer Display of Heterodyne Beat Frequency, 
Showing Short-Term Stabilities Ranging from Approxi- 
mately 40 kHz to 6 kHz per laser. 
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When g rea t e r  s t a b i l i t i e s  are achieved wi th  t h e  lasers, t h e  measurement 
techniques which have been used may r equ i r e  modif icat ion t o  achieve adequate 
reso lu t ion .  
General Radio Model 1001 A o s c i l l a t o r  set a t  1 MHz. 
of t h i s  near ly  pure s i n e  wave a t  ha l f  height  is  approximately 6 kHz, 
which ind ica t e s  t h a t  t h e  analyzer r e so lu t ion  may l i m i t  accuracy of t h e  
s t a b i l i t y  measurements. 
i n  the  fu tu re .  
Figure 10 shows t h e  width of a pure s i g n a l  output from a 
The displayed width 
Narrow-band wave analyzer techniques may be required 
We have found t h a t  some quie t ing  of t h e  beat  no te  could be obtained by 
turning off the  dc 200 l i q u i d  cooling system. 
system apparent ly  w e r e  causing t h e  major short-term i n s t a b i l i t i e s .  
accurate  measurement of t he  quie t ing  w a s  not poss ib le  because of rap id  
thermal run-away of t h e  bea t  note  when t h e  cooling system w a s  shut  down. 
It appears t h a t  t h e  major i n s t a b i l i t i e s  are due t o  t h e  v i b r a t i o n  induced 
i n  t h e  cooling system due t o  t h e  ex te rna l  pumps. Turning off t h e  water 
supply t o  t h e  dc tube d id  not  s u b s t a n t i a l l y  increase  t h e  s t a b i l i t y ;  however, 
turning off  t h e  pump on t h e  r f  laser d id  s u b s t a n t i a l l y  increase  t h e  
s t a b i l i t y .  
so t h a t  t he  high frequency v i b r a t i o n  can be damped out .  
a l so  been designed i n t o  t h e  f i n a l  l i q u i d  cooling system which w i l l  be  used 
with t h e  20-watt laser on t h e  te lescope.  
damping e f f e c t s  on an accumulator i n  t h e  pump l i n e ,  and the re  i s  a s u b s t a n t i a l  
decrease i n  the  v ib ra t ions  which can be f e l t .  
taken on the  heterodyne system. 
Vibrat ions i n  t h e  co'oling 
However, 
Steps are now being taken t o  include accumulators i n  t h i s  l i n e  
An accumulator has 
Some tests have been performed on 
However, no d a t a  has ye t  been 
The long-term frequency d r i f t s  due t o  thermal f luc tua t ions  have been 
much b e t t e r  than expected. 
within a 1 MHz band f o r  per iods from 20 t o  30 minutes, with peak d r i f t  
rates of approximately 300 kHz/min. 
f o r  t h e  laser have been set, i .e . ,  cur ren t ,  p i ezoe lec t r i c  transducer vol tage ,  
water flow, etc. ,  t he  laser can be turned off and on without changing wave- 
lengths .  
The bea t  frequency between lasers has remained 
Also once t h e  proper operat ing condi t ions 
The r f  tube has proved t o  be somewhat super ior  i n  i t s  thermal 
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Vertical Scale: Linear 
Horizontal Scale: 30 kJ3z per Major Division 
Figure 10,Spectrum Analyzer Display of GR-1001A Oscillator at 1 MHz. 
2 1  
c h a r a c t e r i s t i c s  than t h e  dc tube,  pr imari ly  because t h e  laser discharge 
occurs e n t i r e l y  wi th in  the  l i q u i d  cooling j acke t .  
anode and cathode e lec t rodes  are outs ide  the  water-cooling j acke t  and, 
therefore ,  a temperature surge does occur when t h e  tube is turned off  
and on, r e s u l t i n g  i n  approximately 1 /2  hour warm-up t i m e  t o  reach t h e  exact 
equilibrium operat ing condi t ions.  The r f  tube,  however, comes t o  equ i l i -  
brium within only a few minutes of turn-on. 
case when the  laser heating and con t ro l  network are l e f t  on t o  operate  
continuously. 
I n  t h e  dc tube t h e  
The above r e s u l t s  are f o r  t he  
During t h e  course of t h e  heterodyne measurements a high-frequency 
This o s c i l l a t i o n  w a s  noticed i n  t h e  output amplitude of t h e  dc laser. 
o s c i l l a t i o n ,  shown i n  Figure 11, w a s  dupl icated on the  laser dr iv ing  cur ren t  
as w e l l  as the  laser output.  
9 kHz with a modulation depth of about 6%. 
been not iced on o ther  types of laser tubes and i s  usua l ly  caused by an RC 
The modulation frequency occurred a t  about 
This type of o s c i l l a t i o n  has 
o s c i l l a t i o n  associated with the  capacitance of t h e  power supply cables  and 
t h e  r e s i s t ance  of t h e  laser. 
increase  i n  the  frequency of t h e  o s c i l l a t i o n  t o  t h e  point  where the  laser 
output could not  follow i t ,  varying lengths  of power supply cables  and 
seve ra l  values  of b a l l a s t  r e s i s t o r s  were t r i e d  with t h e  laser. The ne t  
r e s u l t  w a s  only a s l i g h t  decrease i n  amplitude and a very s m a l l  s h i f t  i n  
o s c i l l a t i o n  frequency. However, i t  is  found by changing the  laser pressure 
by only a s m a l l  amount caused t h e  o s c i l l a t i o n s  t o  disappear ,  both on t h e  
laser output and on t h e  power supply cur ren t .  
o s c i l l a t i o n  is  s t i l l  not w e l l  understood, but  i t  apparently can be cont ro l led .  
I n  an attempt t o  reduce t h e  magnitude or  
The cause of t h i s  spurious 
2.3.2 Laser Thermal Tests 
The o r i g i n a l  laser temperature con t ro l l e r s  u t i l i z e d  a br idge network 
i n  which a reference r e s i s t o r  w a s  made va r i ab le  so t h a t  t he  operating 
temperature of t h e  laser could be adjusted over approximately a 2OoC 
range. The va r i ab le  r e s i s t o r  w a s  found t o  have a r a t h e r  l a r g e  temperature 
coe f f i c i en t  of r e s i s t ance  which created a bes t  obtainable  temperature 
s t a b i l i t y  of a cavi ty  of about +.2'C. This va r i ab le  r e s i s t o r  has now 
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f Increasing T i m e  
Upper Trace: Ripple on 10 Micron Output (2 mv/div.) 
Lower Trace: Ripple on Laser Current (0.2 ma/div.) 
Horizontal  Scale:  50 vsec per d iv i s ion  
Corresponding Percentage Laser Output Ripple: 
Corresponding Percentage Laser Current Ripple: 
6% 
6% 
Ripple Frequency: 9 kHz 
Figure 11.Typical Oscil loscope Trace Showing High Frequency Osc i l l a t ions  
on Laser Output and Current f o r  Some Values of Laser Tube Pressure.  
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been replaced with a f ixed  f i l m  r e s i s t o r  which allows operat ion of t h e  laser 
a t  only one temperature, chosen t o  b e  optimum f o r  thermal l o s s  c h a r a c t e r i s t i c s  
des i red  i n  t h e  cavi ty .  
a b l e  t o  obta in  have been b e t t e r  than +.05"C over a period of longer than one 
day. 
a l a r g e  p a r t  f o r  t h e  increased thermal s t a b i l i t y  of t h e  output frequency 
from t h e  laser. 
s t a b i l i t i e s  of b e t t e r  than . l 0 C  i s  approximately two hours. The operat ing 
temperature of t h e  laser c a v i t i e s  has  now been set a t  approximately 47°C . 
The hea t  l o s s  t o  t h e  surrounding ambient a i r  and water o r  l i q u i d  cooling 
j acke t  of t h e  laser r equ i r e s  approximately 50 w a t t s  of hea te r  power. 
The new temperature s t a b i l i t i e s  which we have been 
This increase  i n  thermal s t a b i l i t y  of t h e  laser cav i ty  may account i n  
I f  t h e  laser cavi ty  is  cold ,  t h e  warm-up t i m e  t o  reach 
~ 
A new dc laser has  been designed which w i l l  reduce t h e  warm-up time 
when t h e  laser is  turned on. 
1 /2  hour, however, t h e  new tube should allow thermal equilibrium t o  be 
obtained within approximately 5 t o  10 minutes a f t e r  turn-on. 
A t  present  t h e  warm-up t i m e  i s  approximately 
2.3.3 Cathode Studies  
Some success has been achieved i n  increasing t h e  l i f e  of C 0 2  laser 
The platinum 
* 
by the  inc lus ion  of platinum cathodes i n  dc laser tubes . 
serves  as an e lec t rode  with a very low reac t ion  rate with oxygen. 
The low chemical r eac t ion  rate of platinum i n h i b i t s  t h e  d i s soc ia t ion  
of CO 
of the  CO i n t o  carbon and oxygen. 
r a t h e r  high sput te r ing  rate, and absorpt ion type pumping can be r a t h e r  
l a r g e  f o r  platinum unless  spec ia l  precautions are taken i n  t h e  design 
of t h e  electrode.  
e lec t rode  configurat ions i n  an attempt t o  design a platinum cathode with 
low r e l a t i v e  pumping e f f e c t s  due t o  sput te r ing .  
i n t o  CO and oxygen and a l s o  i n h i b i t s  t he  f u r t h e r  d i s soc ia t ion  
However, platinum i s  known t o  have a 
2 
During t h i s  quar te r  we  have t e s t ed  seve ra l  platinum 
* 
Information relative t o  t h i s  t op ic  w a s  presented informally a t  t h e  
Electron Device Research Conference, Montreal, Canada, June 1967. 
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Figure 12 shows a re-entrant  type s t r u c t u r e  which we have t e s t e d  a t  
emission cu r ren t  d e n s i t i e s  comparable t o  those used i n  t h e  lasers f o r  t h i s  
program. 
glass-seal ing j o i n t  which allows electrical contact  t o  t h e  ou t s ide  of t h e  
vacuum system. The design of t h e  glassware on e i t h e r  end of t h e  platinum 
i s  such t h a t  t h e  discharge must occur on the i n s i d e  su r face  of t h e  platinum 
and cannot occur on t h e  edges. 
from one s i d e  of t h e  cyl inder  i s  deposited on t h e  other  s i d e .  
trapped gases which occur during t h e  spu t t e r ing  process can be re- l iberated 
by t h e  re-sput ter ing of t h e  platinum. Eventually,  some platinum is 
sput tered onto t h e  g l a s s  s t r u c t u r e  and is l o s t  t o  t he  system; however, th is  
process is  r e l a t i v e l y  slow, allowing a decrease i n  t h e  ra te  of gas consumption 
within t h e  laser tube compared t o  o the r  e l ec t rode  designs.  The e l ec t rodes  
which w e r e  t e s t e d  did not  have t h e  re-entrant type seal on t h e  back s i d e  of 
t h e  e l ec t rode ,  and i n  t h e  e a r l y  p a r t  of t h e  tes ts  the  discharge did not  
attempt t o  t ake  p l ace  off of t h e  back s i d e  of t h e  electrode.  However, as 
t h e  e l ec t rode  became processed over a period of several days, t h e  discharge 
slowly c rep t  from t h e  f r o n t  s i d e  of t he  e l ec t rode  t o  t h e  back s i d e  during 
which t i m e  g r e a t  amounts of sput tered material w e r e  l i b e r a t e d  from t h e  platinum, 
and t h e  tube pressure and tube cu r ren t  and vo l t age  c h a r a c t e r i s t i c s  changed 
r a t h e r  rapidly.  The f i r s t  e l ec t rode  which w a s  t e s t e d  u t i l i z e d  a one-inch 
diameter platinum cyl inder .  
discharge tube without any Brewster-angle windows. 
c h a r a c t e r i s i t i c s  and t h e  pressure of t h e  tube w e r e  monitored during t h e  period 
of operation. We found f o r  t h e  one-inch diameter e l ec t rode  t h a t  t h e  
discharge tended t o  run  o f f  of only a very s m a l l  area i n s i d e  t h e  platinum 
cyl inder .  
t h e  discharge could be made t o  occur over t h e  e n t i r e  i n s i d e  area of t h e  
platinum. However, a t  t h e  tube pressures  which are required f o r  laser opera- 
t i o n ,  somewhere near 10 t o  12 Torr t o t a l ,  t h e  discharge w a s  too  confined, not 
allowing a uniform spu t t e r ing  over t h e  i n s i d e  of t h e  platinum s t r u c t u r e .  
I n  t h i s  case t h e  platinum sleeve i s  i n s e r t e d  wi th in  a kovar 
Therefore, t h e  platinum which is sput tered 
Any of t h e  
The e l ec t rode  w a s  a t tached t o  one end of a 
The cu r ren t  and vol tage 
A t  tdbe pressures  w e l l  below the optimum f o r  a laser operat ion,  
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A new e l ec t rode  w a s  then designed which u t i l i z e d  a 1/2-inch diameter 
by 2 inch long platinum cyl inder .  
a l s o  only emitted over a s m a l l  po r t ion  of t h e  i n s i d e  diameter. However, as 
t h e  e l ec t rode  w a s  run f o r  a period of several days,  t h e  discharge tended t o  
grow l a r g e r  i n  area and f i n a l l y  covered a symmetrical, c y l i n d r i c a l  region 
i n s i d e  t h e  platinum cyl inder .  
manner f o r  a period of several more days u n t i l  t h e  discharge f i n a l l y  grew 
t o  a s i z e  which w a s  equal t o  t h e  i n s i d e  area of t h e  platinum, and t h e  
During t h e  e a r l y  t e s t i n g  this  e l ec t rode  
The discharge continued t o  run i n  t h i s  
discharge tended t o  r u n  off t h e  back edge of t h e  platinum, c rea t ing  a high 
spu t t e r ing  rate. The e l ec t rode  design i n  Figure 1 2 ,  however, w i l l  i n h i b i t  
t h e  spu t t e r ing  rate because of t h e  double re-entrant  f e a t u r e .  The r e s u l t s  
of t h e  above tests i n d i c a t e  t h a t  a platinum cyl inder  approximately 1 /2  
inch by 2 inches long i s  adequate f o r  operat ion of cu r ren t s  i n  t h e  10 
t o  20 milliamp range. To ob ta in  an  emission of f  of t h e  e n t i r e  i n s i d e  
su r face  of t h e  1-inch diameter by 2-inch long platinum e lec t rode ,  a 
current  of g r e a t e r  than 50 milliamps i s  required.  
design, as shown i n  Figure 12, has been incorporated i n  the  latest dc  tubes.  
These new dc tubes a l s o  have approximately 300 cubic c m  of b a l l a s t  volume 
which should r e s u l t  i n  laser tube l i f e t i m e s  exceeding 500 hours. 
The platinum e lec t rode  
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3.0 SUMMARY AND CONCLUSIONS 
During t h i s  quar te r  t h e  conversion from r f  t o  dc operat ion of t h e  lasers 
w a s  completed, and t h e  power supply console t o  operate  t h e  lasers w a s  
designed. 
have been procured, and assembly of t h e  console has been i n i t i a t e d .  
20-watt laser, which cons i s t s  of a 2-3 w a t t  o s c i l l a t o r  and a 10 dB ampl i f ie r ,  
w i l l  u t i l i z e  a closed cyc le  cooling system capable of reducing t h e  operat ing 
temperature of t h e  laser t o  as low as O O C .  
A l l  of t he  required power suppl ies  and associated e l ec t ron ic s  
The 
The dc o s c i l l a t o r  tubes have been redesigned t o  use platinum e lec t rodes  
i n  order  t o  ensure long l i f e .  
has been u t i l i z e d  which should reduce the  e f f e c t s  of platinum sput te r ing .  
These tubes have been operated s i n g l e  frequency a t  about t he  3-watt l eve l .  
A c y l i n d r i c a l  re-entrant  cathode design 
Frequency s t a b i l i t y  measurements t h i s  last quar te r  have shown laser 
o s c i l l a t o r  s t a b i l i t i e s  i n  a normal laboratory environment t o  be i n  t h e  
range of 2-13 p a r t s  i n  10" over t i m e  periods of about 100 m s .  
t h a t  these  s t a b i l i t y  f igu res  can be improved by ca re fu l  design of t h e  
l i qu id  cooling system used with t h e  laser. A new design has been completed 
which w i l l  subs t an t i a l ly  decrease t h e  v ib ra t ion  i n  the  cooling l i n e s  caused 
by the  pump. 
It appears 
The temperature cont ro l  network has been improved t o  provide smaller 
long-term temperature va r i a t ions  of t he  laser o s c i l l a t o r  cavi ty .  
measurements have indicated long-term s t a b i l i t i e s  f o r  per iods of about 1 / 2  
8 hour t o  be b e t t e r  than 3 p a r t s  i n  10 
300 kHz per minute. 
Heterodyne 
with peak excursion rates of about 
A new ampl i f ie r  design has been completed which should provide a power 
increase  of t h e  o s c i l l a t o r  beam of about 10 dB. 
two 2-meter double-passed tubes and i s  now dc exci ted.  
platinum cathode as w e l l  as a l a rge  (3 - l i t e r )  b a l l a s t  volume. Construction 
of t he  ampl i f ie r  u n i t  has been completed, and i t  w i l l  be operated during 
t h e  next quar te r .  
The new amplif ier  uses  
It a l s o  u t i l i z e s  a 
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4.0 PLANS FOR THE NEXT PERIOD 
During t h e  next period f i n a l  assembly of t h e  laser u n i t s  w i l l  be commenced. 
The amplif ier  system w i l l  be thoroughly t e s t ed  and i n s t a l l e d  i n  the  laser 
housing. Heterodyne measurements w i l l  be made a t  f u l l  power t o  determine 
ove ra l l  system capab i l i t y .  
i s  expected t h a t  s t a b i l i t i e s  of b e t t e r  than 1 p a r t  i n  lo1' w i l l  be achieved. 
With t h e  new cooling system i n  operat ion,  it 
The laser u n i t s  w i l l  be prepared f o r  shipment, and t h e  i n s t r u c t i o n  
manual f o r  t h e  u n i t s  w i l l  be completed. 
w i l l  a l s o  be s t a r t e d .  
Preparat ion of t he  f i n a l  repor t  
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